Impact of the excision of an ancient repeat insertion on Rickettsia conorii guanylate kinase activity.
The genomic sequencing of Rickettsia conorii revealed a new family of Rickettsia-specific palindromic elements (RPEs) capable of in-frame insertion in preexisting open reading frames (ORFs). Many of these altered ORFs correspond to proteins with well-characterized or essential functions in other microorganisms. Previous experiments indicated that RPE-containing genes are normally transcribed and that no excision of the repeat occurs at the mRNA level. Using mass spectrometry, we now confirmed the retention of the RPE-derived amino acid residues in 4 proteins successfully expressed in Escherichia coli, raising the general question of the consequences of this common insertion event on the fitness of Rickettsia enzymes. The predicted guanylate kinase activity of the R. conorii gmk gene product was measured both on the RPE-containing and RPE-excised recombinant proteins. We show that the 2 proteins are active but exhibit substantial differences in their affinity for adenosine triphosphate, guanosine monophosphate, and catalytic constants. The distribution of the RPEgmk insert among Rickettsia species indicates that the insertion event is ancient and occurred after the divergence of Rickettsia felis and R. conorii but before that of Rickettsia helvetica and R. conorii. We found no evidence that the gmk gene fixed adaptive changes to compensate the RPE peptide insertion. Furthermore, the analysis of the rates of divergence in 23 RPE-containing genes indicates that coding RPE repeats tend to evolve under weak selective constraint, at a rate similar to intergenic noncoding RPE sequences. Altogether, these results suggest that the insertion of RPE-encoded "selfish peptides," although respecting the original fold and activity of the host proteins, might be slightly detrimental to the enzyme efficiency within limits tolerable for slow-growing intracellular parasites such as Rickettsia.